Objective: Optic pathway/hypothalamic astrocytomas in young children often show accelerated growth and require rather intensive induction chemotherapy.
Introduction
Optic pathway glioma with contiguous involvement of the hypothalamus is a rare tumor that occurs in infants and young children, and most cases are pilocytic astrocytoma. This orphan tumor often shows aggressive growth in the deep brain and is one of the lethal brain tumors. Optic pathway gliomas involving the hypothalamus and/or other adjacent brain structures are associated with poorer survival than those localized in the optic nerve and chiasm [1] [2] [3] [4] [5] [6] [7] [8] [9] . It has also been reported that diagnosis at a very young age in children with chiasmatic/hypothalamic gliomas is a significant predictor of poor progression-free survival [4, 5, [9] [10] [11] [12] [13] [14] . Although the behavior of the disease is unpredictable, especially in adolescents, young children with progressive optic pathway/hypothalamic astrocytoma (OPHA) require intensive treatment.
In young children with OPHA, radical surgical excision is often associated with visual, neurological, and endocrinological complications [8, [15] [16] [17] . Hence, curative surgical resection is rarely achieved when the functional outcome is considered seriously. On the other hand, radiation therapy is effective in terms of tumor response, improvement of vision, and long-term tumor control rate. However, it is well known that the neurocognitive outcome after radiation therapy is significantly poorer in young patients, especially before school age [3, 4, 8, [18] [19] [20] [21] [22] [23] [24] . In addition, radiotherapy may produce unacceptable long-term adverse effects, such as endocrinopathy, optic nerve injury, cerebrovascular complication, and secondary neoplasm [3, 8, 21, 25] .
Due to the adverse effects of other therapeutic modalities, chemotherapy has been recommended as a primary treatment for OPHA. Chemotherapy alone, however, is not consistently curative and is used to avoid or delay radiotherapy. Because of the rarity of this tumor, no randomized clinical study to evaluate chemotherapeutic regimen has been reported in the literature. However, carboplatin (CBDCA)-based regimens have been established by several investigators [2, 4, 5, 12, 13, 21, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] and the reported objective primary response rates range from 4 to 60% [13, 26, 28, 30, 31, 33] . There is a need to establish a more powerful chemotherapeutic regimen, particularly at the initiation of therapy in young children with rapidly progressive disease. This report assessed the efficacy of another combination chemotherapy with CDDP and vincristine (VCR). The purpose of induction chemotherapy is to reduce the tumor volume of rapidly growing large OPHA and to improve progressive clinical symptoms in young children.
Therefore, this study evaluated the primary response to CDDP/VCR chemotherapy as an induction therapy, but not long-term outcome.
Patients and Methods

Patient Characteristics
We retrospectively assessed a series of 15 patients who had a clinical diagnosis of sporadic OPHA from a review of clinical records since 1992, when high-resolution MRI became routinely available ( Table 1) . All children had an aggressive OPHA and progressive disease on neurological or neuroradiological examinations. The origin of the tumor, either chiasmatic or hypothalamic, was not always clearly defined due to the large size of the tumor and invasive nature, as shown in Neurofibromatosis type 1 (NF-1) -associated gliomas, single optic nerve gliomas, small tumors obviously localized in the chiasm, unilateral hypothalamic gliomas, and quiescent cases in adolescents over 12 years of age were excluded because they have a different natural history and require different treatment strategies. At the time of final observation, no children showed clinical evidence of NF-1.
The median age at diagnosis and initial treatment was 2 years (range: 1 month to 8 years) and hospitalization. All patients received anti-emetic therapy using 5-HT3 receptor antagonists from day 1 to day 5. CDDP was preceded and followed by hydration, including infusion of mannitol. In children younger than 2 years of age, doses were calculated according to weight (CDDP 0.7mg/kg/day and VCR 0.05mg/kg/day) and CDDP was administered as a 24-hour infusion. There was a 4-week interval between cycles. Treatment was completed in all 15 children. By 1996, 5 children had received 8 cycles of chemotherapy, and after 1997, the remaining 10 children were given 6 cycles. Informed consent forms were signed by each of patients' legal guardians prior to surgery and chemotherapy.
Because many children had severe visual loss, audiological monitoring was frequently performed before CDDP administration. Prior to each cycle of chemotherapy, hearing was monitored with pure-tone audiometory and, in young children, cochlear function was evaluated with distortion product otoacoustic emission. CDDP dosage was reduced to 15 mg/m 2 /day if hearing loss was greater than 40 dB in the 4000-to 8000-Hz range, and CDDP was replaced with CBDCA if there was greater than 20 dB hearing loss in the 50-to 2000-Hz range. VCR dosage was modified slightly in subsequent cycles for myelosuppression. The protocol was approved by the Ethics Committee of Hokkaido University Hospital and formal consent was obtained from the parents.
When a remarkable tumor volume remained at the completion of CDDP/VCR therapy, alternative subsequent therapy was allowed. To avoid ototoxicity by an increasing cumulative dose of CDDP, in 6 such patients, second-line chemotherapy using CBDCA/VCR followed CDDP/VCR chemotherapy. For patients with tumor relapse during the observation period, surgical resection, radiation therapy, and alternative chemotherapy were considered.
Evaluation of Response
For all patients, MR imaging with gadolinium enhancement of the whole neuraxis was conducted prior to the initiation of therapy and MRI scans of the tumor site were repeated before each chemotherapy cycle. At least one MRI examination was performed each month during CDDP/VCR therapy to evaluate even a minimal change of tumor volume. Follow-up MRI and clinical assessments, including ophthalmological examination, were performed every 3 months for the first year after the completion of treatment and every 6 months, thereafter. In all children, endocrinological tests were performed regularly, even if a patient showed normal hormone secretion at onset. In the event of possible tumor progression, neurological, MRI, ophthalmological, and endocrinological reevaluations were performed.
Response to chemotherapy was assessed according to the International Society of Paediatric Oncology criteria [37] with minor modifications: complete response (CR) was defined as a complete disappearance of tumor on spinal MRI and thin-slice brain MRI, partial response (PR) required a reduction in solid tumor of more than 50% on MRI, and stable disease (SD) was the absence of tumor progression. In addition, minor response (MR) was defined as tumor shrinkage of more than 25% but less than 50%, as the product of the maximum perpendicular diameter of the lesion with no evidence of a new lesion. The volume of the solid part of the tumor was calculated, taking into account enhanced T1-weighted MRI. To determine complete disappearance of tumor and to exclude any tiny, residual tumor, scarce and faint high-signal intensity lesion on FLAIR or 3D CISS images (three-dimensional constructive interference in steady state) were strictly measured on high-resolution thin-slice MRI.
Results
Responses
The median follow-up period was 63 months (range: 22 to 193 months) at the time of this report. The prescribed chemotherapy of 6 to 8 cycles had been completed in 14 children. A 1-year-old child showed a decrease in creatinine clearance after 4 cycles and mild high-tone hearing loss at 4000-8000kHz after 7 cycles; therefore, the eighth cycle was omitted for this patient.
Radiological response was evaluated just after the last cycle of the CDDP/VCR regimen ( Table 1) . None of the patients achieved a complete response. PR was reached in 4 patients and MR in 7 patients. Thus, eleven of the 15 patients (73%) showed an objective response (defined as CR, PR or MR). Although the remaining 4 cases were evaluated as SD, none suffered from disease progression during treatment and their tumors also decreased slightly in volume on MRI (Fig.2 ).
There was no difference in the response to the chemotherapy between the children with or without diencephalic syndrome. In all 6 children who presented with diencephalic syndrome, the symptoms, such as serious emaciation, were ameliorated during the chemotherapy. In all 11 children with visual disturbance, deterioration of visual loss was ceased or partially improved. As a result, there was no symptomatically and radiologically progressive disease during the CDDP/VCR chemotherapy.
As described above, the number of cycles was actually changed in 1997, because of the high-tone hearing loss (bilateral 40dB at 4000kHz) observed in one child, to shorten the hospitalization period, and preliminary but sufficient effects were observed at 6 cycles in the preceding cases. The 5 children who were treated with more than 6 cycles obtained 2 PR and 3 MR. This appeared to be better than the result of the patients treated with 6 cycles. The difference from the number of cycles was not clear due to the small number of samples and individual features of the tumors.
The tumors in 3 children showed continuous regression for several months, without additional therapy after the completion of CDDP/VCR chemotherapy; thus, the best radiological response was CR in one patient, PR in 8 patients, MR in 2 patients, and SD in 4 patients. The primary response of the 2 cases that exhibited an infiltrative pattern to the whole optic pathway was evaluated as SD, according to the definition of the response to chemotherapy of measuring the perpendicular diameter. As shown in Figure 2 , the bulky part of these tumors decreased remarkably in volume. 
Discussion
Grade-II diffuse astrocytoma and grade-I pilocytic astrocytoma, categorized as low-grade gliomas, exhibit quite different prognoses; however, due to the difficulty of obtaining biopsy specimens from the brainstem, hypothalamus, and optic pathway, pilocytic astrocytomas occurring in the eloquent brain have been described as "low-grade glioma" in the literature. During the last decade, several authors have reported the effectiveness of various chemotherapies for "low-grade" optic nerve gliomas, optic pathway gliomas, chiasmatic gliomas, hypothalamic gliomas, diencephalic gliomas, chiasmatic/hypothalamic gliomas, and optic pathway/hypothalamic gliomas [2, 4, 5, 12, 13, 21, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . It is of note that, in these series, the vast majority of the reported cases appeared to be pilocytic astrocytoma [11, 27] . In addition, most of the published series included NF-1-associated gliomas that may present with behavior that is different from sporadic cases [6, 19, 21] . To clearly evaluate the efficacy of chemotherapy for OPHA, it may be better to separately assess pilocytic astrocytomas, including not only histologically-verified cases, but also clinically-diagnosed typical cases occurring to this region.
It has been suggested that a platinum-containing regimen may be most effective for treating pilocytic astrocytoma [2] . Table 2 summarizes the published data indicating the response rates of chemotherapeutic regimens, including CDDP or CBDCA [5, 12, 13, 26, [28] [29] [30] [31] 33] . Packer et al. published landmark papers on the chemotherapeutic management of low-grade gliomas [33] [34] [35] .
The authors established a regimen using concurrent CBDCA and VCR in a 10-week induction phase followed by maintenance therapy. Although their series included diffuse astrocytomas and NF-1 associated gliomas, it produced a progression-free survival of 75% and 68% at 2 and 3 years, respectively. Among 58 children with diencephalon gliomas, of which most were considered as pilocytic astrocytoma, 33 patients (57%) showed an objective response, including CR, PR, or MR; only 3 patients (5%) resulted in PD.
CBDCA has been utilized as a key drug in the platinum-based chemotherapeutic regimen [4, 5, 13, [26] [27] [28] [30] [31] [32] [33] [34] [35] . A few studies have applied CDDP in a regimen for optic pathway/hypothalamic gliomas. Laithier et al. treated 85 progressive optic pathway tumors by administering multiagent chemotherapy for 16 months [5] . This first-line chemotherapy included alternating procarbazine plus CBDCA, etoposide plus CDDP, and VCR plus cyclophosphamide.
Fifty-one children (60%) had significant tumor shrinkage (CR, PR, SD) and only 11 patients were not responsive to chemotherapy.
Massimino et al. reported the largest series using CDDP, in which they treated 34 children (median age: 45 months) with unresectable low-grade glioma with 10 monthly cycles of CDDP (30mg/m 2 /day on days 1 to 3) and etoposide (150mg/m 2 /day on days 1 to 3) [12] . Twenty-nine of the 34 patients had chiasmatic/hypothalamic glioma. An objective response was obtained in 24 patients (71%) and the others had stable disease. Acute toxicity was unremarkable and 8 of 28 patients (28%) evaluated for acoustic neurotoxicity revealed a loss of perception of high frequencies.
They concluded that combined CDDP and etoposide treatment is one of the most effective regimens for low-grade glioma in children and allows the avoidance of radiotherapy in the vast majority of patients.
In the present series, we used a similar CDDP dose per cycle and obtained a similar result (73% objective response). Although the ototoxicity (3 of 15 patients) in our series seems milder than that in Massimino's series (8 of 28 patients), this may be attributable to the different cumulative CDDP dosages. Concerning the primary response rate, as summarized in Table 2 , regimens containing CDDP might be superior to those of CBDCA for the treatment of pilocytic astrocytomas. Several investigators have reviewed the literature and suggested that CDDP is superior to CBDCA in terms of therapeutic effectiveness in the treatment of all platinum-sensitive solid tumors, although CBDCA has a similar mechanism of action and preclinical spectrum of activity to CDDP [38, 39] .
Ototoxicity and nephrotoxicity limit the use of CDDP. Because serious visual disturbance is a major symptom of large OPHA, children with this disease, hearing loss significant cannot be compromised as an adverse effect of therapy. In addition, audiological monitoring in very young children is not easy. Serial intensive monitoring of cochlear function during CDDP chemotherapy may require hospitalization; however, the incidence and severity of ototoxicity reported by Massimino et al. and in our series may be acceptable [12] . Regarding the efficacy of CDDP, the authors believe that a chemotherapeutic regimen including CDDP, at least as induction chemotherapy, is worthwhile for young children with aggressive OPHA.
In addition to platinum-based chemotherapy, several authors have recently reported the efficacy of oral temozolomide in children with progressive optic pathway/hypothalamic low-grade gliomas [40] [41] [42] . Gururangan et al. treated 26 patients with recurrent or progressive optic pathway gliomas. In this series, 14 patients (54%) obtained disease stabilization and 4 patients achieved objective response (3 PR and 1 MR) [40] . Lafay-Cousin et al. treated 9 children with carboplatin allergic response using weekly vinblastine, and obtained 1 CR, 1 PR, 5 objective effects, and 2 SD [43] . These new agents with low toxicity seem attractive, however the response rates appeared relatively low. They might be useful for maintenance chemotherapy. Although, the toxicity of the CDDP/VCR regimen is higher than those of vinblastine or temozolomide, young children with aggressive OPHA require a chemotherapeutic regimen with high efficacy as first line treatment.
In our series, only 2 of the 15 children survived without any additional therapy after CDDP/VCR induction therapy. The remaining 13 patients required contiguous maintenance therapy or salvage therapy at relapse. However, it is obvious that eradication of OPHA is rarely obtained solely by induction chemotherapy. During their long clinical course over several years, various maintenance chemotherapy, salvage chemotherapy, salvage surgery, and even radiation therapy had to be considered. The role of induction chemotherapy may be to sufficiently control an aggressive tumor at disease onset and to improve progressive symptoms, including visual deterioration, but not to actually cure the disease.
Conclusion
Combination chemotherapy using cisplatin and vincristine is an effective regimen, at least for induction therapy in young patients with progressive optic pathway/hypothalamic astrocytomas. However, this regimen alone was seldom curative. Summary of reported results of platinum-based chemotherapy MR: minor response, PR: partial response, DS: disease stabilization, PD: progressive disease, CBDCA: carboplatin, VCR: vincristine, CDDP: cisplatin
Figure 1 legend
A 5-year-old boy (Case Number 12 in Table 1 ) presented with consciousness disturbance.
Contrast-enhanced T1-weighted image shows a large chiasmatic-hypothalamic mass causing obstructive hydrocephalus (A). He underwent biopsy and ventricle-peritoneal shunt. After 5 cycles of CDDP/VCR chemotherapy, this pilocytic astrocytoma rapidly and remarkably regressed in size (evaluated as a partial response) and his symptoms were ameliorated (B).
Figure 2 legend
This 4-year-old boy (Case Number 10 in Table 1) 
